A cute kidney injury (AKI) after orthotopic liver transplantation (OLT) is a common complication, with reported incidences ranging from 17% to 95%.
The RIFLE classification system has been validated as an outcome predictor, with worsening RIFLE class being associated with a progressive increase in mortality. 4 In patients undergoing OLT, both RIFLE criteria class Injury and Failure result in increased length of hospitalization and in the case of Failure, increased mortality. 5 The etiology of AKI after OLT is multifactorial. Endstage liver disease results in a hyperdynamic circulatory syndrome characterized by peripheral vasodilation, hypotension, and high cardiac output. 6 Arterial hypotension and splanchnic vasodilation predispose to renal dysfunction through renal circulatory vasoconstriction and hypoperfusion. 7 Perioperative risk factors associated with AKI after OLT include blood transfusion, intra-and postoperative hypotension, preoperative hypertension, elevated bilirubin levels, alcoholic cirrhosis, and length of surgery. [8] [9] [10] [11] The choice of fluid resuscitation in patients with endstage liver disease may also play a role in AKI. Because hypoalbuminemia and low oncotic pressure cause IV fluids to diffuse into the interstitium, albumin has been the fluid of choice for intravascular volume resuscitation in liver transplantation at many centers. Albumin is a more potent plasma expander than crystalloid and has antioxidant and BACKGROUND: Acute kidney injury (AKI) is a frequent complication of orthotopic liver transplantation (OLT). Hepatic failure pathophysiology and intraoperative events contribute to AKI after OLT. Colloids are routinely used to maintain intravascular volume during OLT. Recent evidence has implicated 6% hydroxyethyl starch (HES) (130/0.4) with AKI in critically ill patients. METHODS: We performed a retrospective cross-sectional analysis of electronic anesthesia records, surgical dictations, and perioperative laboratory results. Postoperative AKI incidence was determined by RIFLE (Risk Injury Failure Loss End-Stage) criteria. AKI was staged into Risk, Injury, and Failure based on change in serum creatinine from preoperative baseline to peak level by postoperative day 7. Uni-and multivariate analysis was used to evaluate the association between type of intraoperative colloid administered and AKI. RESULTS: One hundred seventy-four adult patients underwent OLT and had complete records for review. Of these, 50 received only 5% albumin, 25 received both 5% albumin and HES, and 99 received only HES. Albumin-only, albumin and HES, and HES-only groups were otherwise homogeneous based on patient characteristics and intraoperative variables. There was a statistically significant linear-by-linear association between type of colloid(s) administered and AKI (Rifle Criteria-Injury Stage). Patients administered HES were 3 times more likely to develop AKI within 7 days after OLT compared with albumin (adjusted odds ratio 2.94, 95% confidence interval, 1.13-7.7, P = 0.027). The linear trend between colloidal use (5% albumin only versus albumin/HES versus HES only, ranked ordering) and "injury" was statistically significant (P = 0.048). A propensity-matched analysis also showed a significant difference in the incidence of AKI between the patients receiving albumin compared with HES (P = 0.044). CONCLUSIONS: Patients receiving 6% HES (130/0.4) likely had an increased odds of AKI compared with patients receiving 5% albumin during OLT. These retrospective findings are consistent with recent clinical trials that found an association between 6% HES (130/0.4) and renal injury in critically ill patients. (Anesth Analg 2015;120:619-26)
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Hydroxyethyl Starch and Acute Kidney Injury in Orthotopic Liver Transplantation anti-inflammatory properties. 12, 13 Albumin has also reduced renal impairment in patients with cirrhosis and spontaneous bacterial peritonitis.
14 Despite these observations, however, the Saline versus Albumin Fluid Evaluation Study, which compared the use of albumin to normal saline, demonstrated no difference in mortality and renal replacement therapy (RRT) in a large heterogeneous intensive care unit (ICU) population. 15 Increasingly, evidence suggests that 6% hydroxyethyl starch (130/0.4) (henceforth referred to as HES) causes renal injury. The Crystalloid versus Hydroxyethyl Starch Trial (CHEST) prospectively randomized 7000 patients to hetastarch or normal saline and found a 21% relative (1.2% absolute) increase in need for RRT in patients receiving HES. 16 A Dutch trial of 800 ICU patients with severe sepsis likewise found an increased likelihood of RRT in patients receiving HES versus Ringer's acetate solution. 17 These studies led the Food and Drug Administration to issue a warning in November 2013 that HES use increases the risk of mortality and renal injury requiring RRT in critically ill adult patients. [18] [19] [20] At the study institution, the decision to deliver colloid to a transplant recipient is protocol driven. A team of anesthesiologists (5) use arterial-waveform analysis in addition to standard monitors to estimate fluid-responsive hypotension and measure recipient colloid oncotic pressure. The team limits crystalloid administration and empirically administers colloid for fluid deficits unless blood component transfusion is indicated. Additionally, colloids are administered for large-volume ascites drainage, consistent with largevolume paracentesis therapy. The choice of which colloid to administer (albumin versus HES) was optional until 2011, when the hospital's Pharmacy and Therapeutics Committee decided to exclude albumin from operative cases (including OLTs) after analyzing the literature regarding the safety and efficacy of HES and considering the price advantage. This retrospective study was designed to explore the hypothesis that the type of colloid administered during OLT is associated with AKI.
METHODS
We obtained IRB approval to retrospectively query our computerized medical record system for all cases with CPT code 47135 (liver allotransplantation). Our electronic anesthesia medical record system (PICIS, Wakefield, MA) and operative dictation reports were reviewed for the following data points: colloid usage (5% albumin or HES), vital signs (mean arterial blood pressure [MAP] , central venous pressure [CVP]), blood product transfusion, administration of recombinant factor VIIa, intraoperative use of vasoactive substances (drug and dose), surgery duration, estimated blood loss, and basic demographics. For each patient, we also identified model for end-stage liver disease (MELD) score, serial serum creatinine and electrolyte values, need for RRT, postoperative complications (thrombus requiring reoperation, biliary leak, or early graft failure), mortality (intraoperative and 30 days), and severity of illness upon admission. The University Health System Consortium (UHC), in which our hospital participates, calculates a severity of illness for every patient admitted based on the APR-DRG (All Patient Refined Diagnosis Related Groups, 3M Health Information Systems). Severity is calculated using a combination of patient demographics, coded comorbidities, and principal and secondary diagnoses and procedures to define different levels of severity and complexity of treatment. The query examined all available records within our operating room electronic health record system (2010-2013). The authors acknowledge that including only the patient records since the institution of the electronic medical record limits the sample size; however, the quality of data on a sample of paper records for liver transplantation was inadequate for collection and reliable analysis.
The primary outcome of interest was the presence of postoperative AKI which was determined using the RIFLE "Injury" criteria of doubling serum creatinine (50% decreased glomerular filtration rate) within 7 days of surgery. 3 The primary comparison of interest was to determine whether the use of HES or 5% human albumin was associated with the development of AKI. All patients were assigned to 1 of the 3 groups based on the type of colloid administered intraoperatively: (1) those who received albumin only, (2) those who received albumin and HES, and (3) those who received HES only. Grouping patients in this context provided an ordered ranked assignment, allowing the investigators to conduct both categorical comparisons and tests for linear trends for each outcome variable of interest. The associations among the 3 colloid groups with red blood cell (RBC) and fresh frozen plasma transfusion volume, presence of thrombosis, change in serum creatinine levels, and total colloid volume were examined using 1-way analysis of variance. Associations between colloid group and categorical variables were examined using χ 2 and Fisher exact tests when appropriate. We also tested for rank linear trends by colloid group using the Mantel-Haenszel linear-by-linear test for association.
Patients were defined by RIFLE AKI criteria as having "no Risk," "at Risk," "Injury," or "Failure." By definition, any patient qualifying for a classification would also meet or exceed the criteria for lesser classes. For the multivariate analysis, patients were dichotomized as those with "Injury" or "Failure" versus "no Risk" or "at Risk." Multivariate logistic regression models of the primary outcome (AKI) were constructed to test the association with colloid type controlling for severity of illness, MELD score, intraoperative hemodynamics (MAP and CVP), baseline characteristics, and interaction terms.
A propensity score matching analysis was also performed to adjust intergroup differences between subjects given albumin only and subjects given HES only due to potential selection bias in the decision to give albumin versus HES. Propensity scores were estimated using a logistic regression model with treatment assignment as the dependent variable and all identifiable confounding variables as independent covariates. Potential confounding variables were defined as those having a P value <0.2 in univariate tests of association with colloid type and/or AKI. Patients in the 2 groups were matched based on their propensity scores using the nearest neighbor approach with replacement and 2-to-1 matching for HES only to albumin only. The maximal difference of propensity score for a match was 0.2 standard deviations of the logit of the propensity score. Sample balance was estimated postmatching using the weighted standardized difference. 21 Propensity score analysis was conducted using the Matching Package in R v.3.0.2. 22, 23 All other analyses were conducted in SPSS v21.0 (IBM Corp., Armonk, NY).
RESULTS
We identified 230 OLTs in our electronic medical record. Of these patients, 174 met our criteria for analysis. Thirty-five patients were excluded for the following reasons: simultaneous dual-organ (liver and kidney) transplant (19) , pediatric recipient (8), and incomplete "critical" data (preoperative labs or dictations) (8) . An additional 21 patients did not receive any colloid (or none was documented). The final cohort included 168 unique subjects and 174 procedures. Patients were divided into 3 groups based on the type(s) of colloid administered during surgery: 5% albumin, HES, or both. Fifty (28.7%) of the study patients received 5% albumin only (control cohort), 99 (56.9%) received HES only (high-risk cohort), and 25 (14.4%) received both colloids (moderate-risk cohort).
Univariate Analysis Results
Baseline characteristics for the study population are shown in Table 1 . The mean age of all study participants at date of transplant was 55 ± 10 years with a median age 57 years. Mean age did not vary significantly among groups. A majority of subjects were male in both groups. The causes of liver failure were evenly distributed among the 3 groups. There were no differences in distribution of patients with minor or moderate severity of illness. However, the distributions of patients with major or extreme severity of illness were significantly different among the cohorts, with more patients with the highest illness acuity (extreme) receiving albumin and more of those with major severity of illness receiving HES (P = 0.003).
Intraoperative characteristics of the groups based on the type of colloid(s) received are shown in Table 2 . The mean volumes of colloids administered by group are shown in Table 2 . The HES-only group received 81% more HES than the albumin and HES group (740 vs 1342 mL). Mean MELD scores (at the time of transplant with exception points included) were nearly identical among all 3 groups (22 ± 5 vs 22 ± 4 vs 21 ± 5, P = 0.127, respectively). The individual MELD components are shown with ranges among the 3 groups: serum creatinine 1.1 to 1.2 mg/dL (P > 0.80), international normalized ratio 1.6 to 1.7 (P > 0.93), and serum bilirubin 5.0 to 8.2 mg/dL (P > 0.129). Surgical durations were similar among the groups as were the blood pressure values (mean CVP and MAP). Estimated blood loss was larger in the albumin-only group (P = 0.049). There were no differences in administration of vasoactive drugs or antifibrinolytic drug administration. With the exception of platelet use, blood product administration was similar among the groups with a mean RBC requirement of 2342 mL for the entire cohort. Blood product usage among the albuminonly, both colloid, and HES-only cohorts was as follows: RBCs: 2706 ± 2449 mL vs 3059 ± 3714 vs 2042 ± 2276, respectively; P = 0.123; fresh frozen plasma: 2424 ± 1870 vs 2823 ± 2934 vs 2072 ± 2224, respectively; P = 0.287; and platelets: 427 ± 480 vs 472 ± 791 vs 248 ± 394, respectively; P = 0.037. Neither the administration of intraoperative platelets nor the volume of platelets transfused was associated with the development of AKI "Injury" (P = 0.76 and 0.94, respectively). The presence of ascites before transplantation across the entire study cohort was 43.2%. The proportion of ascites presence ranged among the 3 groups from 36% (HES only) to 53% (albumin) (P = 0.14). Preoperative ascites was not associated with AKI regardless of colloid group.
Postoperative outcomes are displayed in Table 3 . Other than AKI, there were no associations between type of colloid(s) administered and any reported postoperative complication. There was also no appreciable difference in ICU or hospital length of stay. No patients included in the analysis required dialysis preoperatively (all dual-organ transplants were excluded). As mentioned above, AKI was assessed in terms of changes in serum creatinine values and classified kidney damage by RIFLE Criteria. 3 The "Risk" group constituted patients with a 50% increase in serum creatinine from baseline, whereas the "Injury" group required at least a doubling of the baseline creatinine and "Failure" group at least tripling in serum creatinine or receiving posttransplant dialysis. There were no statistically significant differences in the percentage of patients meeting these criteria. The HES-only group had the highest percentage of patients in all 3 AKI stages, followed by the combination of 5% albumin/HES group, while the 5% albumin-only group demonstrated the lowest incidence of each stage of AKI.
Results of Linear-by-Linear and Multivariate Analyses
The linear association between colloidal use (5% albumin only versus albumin/HES versus HES only, ranked ordering) and "Injury" was statistically significant (P = 0.048). 
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There was not a significant linear trend of increasing odds of either "Risk" or "Failure" by colloid use (P = 0.221 and 0.622, respectively, Fig. 1 ). Eighteen patients required RRT (continuous venous-venous hemodialysis or interval hemodialysis) within 30 days of transplant. There was no correlation among the 3 cohorts and the need for dialysis or the need for RRT. The only 2 deaths by 30-day post-transplant were in the HES group (2.0%); however, the scarcity of mortality in the entire cohort precluded the determination of any statistical associations between HES use and death. Table 4 displays a multivariate logistic regression model of AKI ("no risk" or "at risk" versus "injury" or "failure"), demonstrating that after controlling for baseline differences among groups, patients receiving only HES had significantly increased odds of developing AKI "Injury" compared with those receiving only 5% albumin (adjusted odds ratio 2.94, 95% confidence interval, 1.13-7.7, P = 0.027). Severity of illness, blood product administration, and mean CVP (corollary of volume status) were not associated with AKI. Table 5 displays a second multivariate logistic regression model for AKI. In this model, HES use for each subject was redefined as none, ≤500 mL, HES, or >500 mL HES, mean intraoperative CVP was redefined as an ordinal variable, and intraoperative blood loss was included in the model. The results demonstrate similar trends in association between the dependent outcomes and independent covariates, when compared with the continuous variable multivariate model (Table 4) . Patients who received >500 mL of HES, compared with those receiving only intraoperative albumin, showed a trend toward developing AKI "Injury" that approached statistical significance (P = 0.059) after controlling for severity of illness, CVP, and blood loss. Smaller amounts of intraoperative HES did not show an increased risk of AKI "Injury" (odds ratio 2.39, P = 0.190).
Results of Propensity Score Analysis
Variables selected for inclusion in the propensity score model included severity of illness at admission, MELD score, and nonalcoholic steatohepatitis cirrhosis as the primary reason for liver failure. Comparable patient groups included 37 patients who received albumin only and 74 patients who received HES only. Baseline characteristics and the weighted standardized mean difference between the 2 groups of the complete sample and of the propensity-matched sample are shown in Table 6 . Similar to the multivariate model in Table 4 , there was a significant difference in the propensitymatched sample in AKI incidence between subjects treated with albumin only compared with subjects treated with HES only (P = 0.044). In matched data, patients treated with HES had increased odds (1.18) of AKI compared with patients given albumin only (95% confidence interval, 1.01-1.39).
DISCUSSION
This retrospective longitudinal cohort study demonstrates the benefit of continual quality assessment and improvement efforts by multidisciplinary clinical care teams. This project originated from an internal observation of increased AKI in OLT recipients after changing the type of colloid used from 5% albumin to HES in 2011. This change in practice was encouraged as a cost saving in light of literature, suggesting no difference in renal outcomes between patients randomized to receive either 5% albumin or 6% HES. 24 In contrast, our results suggest that HES likely is associated with AKI, supported by the statistically significant linear-by-linear association between the type of colloid(s) administered and incidence of AKI by RIFLE "Injury" classification. The data presented above caused our interdisciplinary team to revert to exclusively using albumin during OLT for colloidal volume expansion. Use of HES in the perioperative setting has been cautioned within our institution, awaiting validation of its safety.
The 3 compared colloid groups (albumin only, HES/ albumin, and HES only) had similar demographics, causes Figure 1 . The percentage of patients who developed acute kidney injury by the 3 designated RIFLE criteria (at risk, injury, and failure) based on intraoperative colloidal agent type. Liver transplant patients who received intraoperative albumin for colloidal fluid support were less likely to develop acute kidney injury. There was a linear association (P = 0.048) between colloidal use and development of AKI. After adjusting for baseline confounding variables, patients who received HES were nearly 3 times more likely to develop AKI compared with those who received albumin (adjusted hazard ratio 2.97, 95% confidence interval, 1.13-7.7, P = 0.027). RIFLE = risk, injury, failure, loss, end-stage disease; HES = hydroxyethyl starch; AKI = acute kidney injury. Interaction terms between colloidal use and severity of illness, CVP , and platelet administration were all statistically insignificant (P > 0.500). a Interaction terms between colloidal use and severity of illness, CVP , platelets, and cell saver were all statistically insignificant (P > 0.500).
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Hydroxyethyl Starch and Acute Kidney Injury in Orthotopic Liver Transplantation of liver failure, and MELD scores. Within the limits of retrospective analysis, there does not appear to be a confounding variable associated with AKI that was disproportionately present within either of the HES groups. In fact, patients in the albumin-only group were more likely to be admitted with an APR-DRG classification of extreme severity of illness. Our measured surrogates for ischemia and hypoperfusion included length of surgery, mean MAP, CVP, estimated blood loss, and RBC transfusion requirement. These findings did not differ among colloid groups, indicating that the HES group did not undergo more complicated surgery or require more blood transfusions. Additionally, vasopressor use, antifibrinolytic use, and bilirubin levels were similar within all 3 colloid groups. The fundamental basis of the linear-by-linear association analysis was grounded on the assumption that an increased volume of HES administration would create a ranking risk of AKI. This assumption was feasible because the volume of HES administered in the HES-only group was nearly twice that in the albumin and HES group, while patients in the albumin-only group did not receive any HES. This finding is consistent with the dose-effect relationship between HES administration and AKI shown by Brunkhorst et al. 25 Our results cannot comment on the safety of relatively low-volume HES administration within the OLT populations as has been demonstrated within the general critical care population because the average volumes of HES administered in both HES groups exceeded "low threshold" definitions for immediate resuscitation (HES volumes in HES and albumin-and HES-only cohorts: 740 ± 702 mL and 1342 ± 570 mL). 26 Our retrospective review could not a priori control for confounding variables and thus required the use of multivariate analysis for HES-induced AKI. When the multivariate analysis included covariates in a continuous fashion, patients who received HES had significantly higher odds of developing AKI. When covariates were included in a transformed categorical ranked analysis, this trend continued but did not reach statistical significance (P = 0.059). This discrepancy may have been due to converting variables from continuous to categorical form, which reduced the ability of the model to detect differences, or because our categories for HES volume (none, <500 mL, >500 mL) were not optimally defined. We categorized HES by discrete volume increments (rather than continuously) because nearly all patients received HES in 500 mL. A few patients received <500 mL, but almost no patients received doses larger than 500 mL that were not in multiples of 500 mL.
The propensity analysis described above and shown in Table 6 further demonstrates that confounding covariates did not appreciably influence the impact of colloid type on the incidence of AKI. No model could be developed for the decision to administer HES instead of albumin because that decision was largely made by hospital administration and therefore unlikely to be confounded by pathophysiologic factors which may, coincidently, also affect AKI. As an example, thrombocytopenia might have caused the anesthesiologist to administer albumin instead of HES due to fear of subtle platelet dysfunction associated with HES. We found, however, that platelet use did not differ among categories of HES use.
Because of our relatively small sample size, we were unable to demonstrate an association between HES and the need for RRT in OLT. While recent literature suggests an association between renal failure and HES use in Propensity score analysis matching subjects receiving albumin only and HES only (1:2). The potential confounders (variables with univariate associations with AKI or HES use with P < 0.20) included severity of illness, MELD score, and NASH cirrhosis were included in the propensity score model. Severity of illness and MELD score were associated with HES use (P = 0.021 and P = 0.111) and NASH cirrhosis was associated with AKI (P = 0.089). HES = hydroxyethyl starch; EtOH = alcoholic; NASH = nonalcoholic steatohepatitis; HCC = hepatocellular carcinoma; MELD = model for end-stage liver disease; INR = international ratio; SD = standard deviation.
septic patients, the association in OLT patients may be different in magnitude. In light of the recent Food and Drug Administration warning, a prospective randomized trial comparing HES with albumin in OLT may not be feasible. [18] [19] [20] However, future large-scale multicenter analyses using retrospective or registry data may better define the risk of AKI associated with these products in OLT patients.
CONCLUSIONS
Our research likely shows a retrospective linear-by-linear trend between 6% HES (130/0.4) administration in OLT and RIFLE "Injury"-stage AKI. Clinicians managing patients undergoing high-risk surgery or in critical condition should consider alternative colloids to 6% HES (130/0.4) until more definitive evidence is published. E
